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Introduction 
Currently, one of the most extensively developing field of applications of composite 
materials, is engineering of materials used for shielding from electromagnetic fields 
[1-8]. Composites of fabric materials with thin plasma layer can be used as shield for 
protection of people or electronic and electric power devices against of 
disadvantageous impact of electromagnetic fields [9]. In the case of composite 
material containing conductive layer, conductive connection of the layer units is not 
necessary, although such connection reinforces screening properties [10]. The 
capability of composite materials to shield electromagnetic fields are coherently 
associated with their dielectric properties - the response of a dielectric to an electric 
field is represented by its dielectric and electrical properties [11-13]. The nature of the 
transient currents and conduction current are generally regarded as manifestation of 
different dielectric and electrical processes can be explained in terms of Jonscher 
universal dielectric theory [14]. These phenomena are widely used in research the 
properties of plasma thin films [15-19]. 
In the paper, dielectric properties of plasma layer-nonwoven fabric composite is 
reported.  
Experimental 
Composites are fabricated through the magnetron sputtering method described in 
papers [20,21]. The deposition experiment was prepared by the Laboratory of 
Vacuum and Plasma Technology of Wrocław University of Technology.  
Results and discussions 
For conduction mechanism studies a bias voltage in the range 0–100 V was applied 
and the current flowing across the sample was measured by a Keithley Picoammeter-
Voltage Source (Model 617). In the measurements of the complex admittance which 
were performed in the frequency range 100 Hz – 1 MHz the Agilent 4294A Precision 
Impedance Analyzer, equipped with the Dielectric Test Fixture – Agilent 16451B, was 
used.  
Example of room temperature transient currents of nonwoven fabric/plasma layer 
composite is shown in Fig. 1. The discharge currents are proportional to t-n, and the n 
has a value below 0.6. 
 
Fig 1. Transient currents for nonwoven/plasma layer composite 
In order to determine the type of conductivity in the studied composites, the 
characteristics of UI was performed in coordinates for ionic hopping, Schotky, space 
charge limited current (SCLC) and Poole-Frenkel (P-F) mechanisms. A linear 
relationship between: 
• ln I and U shown in Fig. 2a confirms ionic hopping in the composite, 
• ln I and U shown in Figure 2b confirming Schottky conduction mechanism, 
• ln I/U and U0.5 shown in Figure 2c confirming SCLC conduction mechanism for 
voltages above 40 V, 
• ln I/U and U shown in Figure 2d confirming P-F conduction mechanism for 
voltages above 60 V. 
  
  
Fig. 2. Conduction current for nonwoven/plasma layer composite: a) for ionic hopping 
coordinates, b) for Schottky mechanism coordinates, c) for SCLC mechanism 
coordinates, d) for P-F mechanism coordinates 
 
Conclusions 
The response of a nonwoven fabric/plasma layer composite to an electric field is 
quite complicated Measurements of transient currents indicate the existence of built-
in charge and the existence of polarization phenomena.  It can be assumed that in 
the investigated composite systems, electrical conductivity is controlled by several 
mechanisms, which include ion hopping and Schottky emission over the whole range 
of tensions and the mechanisms used in SCLC and Poole-Frenkel for voltages above 
40-50V. 
Dielectric response of the composite non-woven PP / plasma layer is a function of 
both the physical structure of substrate and applied layer.  So far, studies carried out 
by impedance spectroscopy allowed us to identify the degree of porosity of the 
substrate on which the plasma layer was applied [22], determine the effect of surface 
resistivity of the composite relaxation processes [23], identify the strong dependence 
of dielectric composite properties upon a number of formed metal/metal-oxide layers 
[20]. 
Behavior of an complex composite system is due the complexity of the three-
dimensional porous structure of the nonwoven fabric which influenced obtained 
carbon layer structure. The dielectric response of the composite reveals the influence 
of interfacial phenomena at the internal boundary surface between the fibers and 
plasma layer and distribution of plasma layer in a nonwoven fabric volume. 
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